The current study is designed to compare the effectiveness of brushing the pleura vs. instillation of minocycline for the management of primary spontaneous pneumothorax, and to assess the sensitivity of echography in defining areas of defects. Blebectomy and pleurodesis were carried out thoracoscopically on 84 patients. In group A (42 patients), abrasions were induced using a sponge on a long ring forceps. Group B (42 patients) received intrapleural instillation of minocycline. Echography was carried out two weeks after discharge and then repeated two weeks later. Follow-up ranged between 28 and 39 months. Two patients were excluded from group A for incomplete follow-up. In group A, five patients (12%) showed areas of free mobility of the lung on first echography. At the second examination, three (7% of the total) showed the same areas of mobility; one patient developed an attack of localized pneumothorax after 32 and another after 45 weeks. Each had three adjacent areas of free mobility. In group B, two patients each showed one area of free mobility on the first and second examinations but no recurrence during follow-up. The two groups had comparable chest drainage, postoperative hospital stay and complication rates. The patients in group B demonstrated a trend towards a decreased rate of prolonged air leaks (2% vs. 5%; P=0.100). Thus, pleurodesis by instillation of minocycline as a part of thoracoscopy is more effective than brushing the pleura. Thoracic echography is a highly sensitive method for assessing the effectiveness of pleurodesis.
Introduction
Recurrent primary spontaneous pneumothorax (RPSP) is a frequent challenge for chest surgeons. The disease has an annual incidence of nine cases per 100,000 population. Follow-up studies show a 20-50% recurrence rate after the initial episode. After a second episode, the recurrence rate increases from 60% to 80%. The surgical treatment of RPSP is based on two principles: resection of the parenchymal blebs or bullae, and obliteration of the pleural cavity [1] . Pleurodesis is the creation of fibrous adhesions between the visceral and parietal layers of the pleura, thus obliterating the pleural cavity. Intrapleural instillation of a chemical irritant (chemical pleurodesis) is an effective way to shorten the duration of air leaks and reduce the rates of RPSP [2] .
However, guidelines recommend that chemical pleurodesis alone should be attempted only if the patient is either unwilling or unable to undergo surgery because the rate of recurrence of pneumothoraces after surgical intervention either by thoracotomy or video-assisted thorascopic surgery (VATS), with or without mechanical pleurodesis, is far less than that after chemical pleurodesis [3] . As a result, chemical pleurodesis alone has rarely been used in RPSP. The effect of chemical pleurodesis after thoracoscopic resection of blebs in preventing the recurrence of pneumothorax needs to be evaluated. We supposed that chemical pleurodesis using minocycline would be more effective than mechanical abrasion of the pleura. In addition, we hypothesized that thoracic echography would be a sensitive tool for the assessment of pleurodesis. The aim of the current study was to compare mechanical (brushing the pleural surface) with chemical (instillation of minocycline) methods of pleurodesis in the management of RPSP. We also wished to assess the sensitivity of echography in defining areas of free mobility and the possible relationship between these areas and the development of new recurrences postoperatively.
Methods
We performed pleurodesis on 84 patients who had had attacks of RPSP. These patients were admitted during the period 1 February 2006 to 1 March 2009 to the Suez Canal University Hospitals-Egypt and Hadhramout Teaching Hospital, Almukalla, Yemen. Two patients were excluded because of incomplete follow-up. The current study therefore includes a total of 82 patients: 58 males and 24 females. Their age ranged between 17 and 43 years, with a mean age of 29±4.2 years (Table 1) .
Preoperatively, all patients had RPSP. Our patients required VATS because of ipsilateral recurrence with continuous air leaks for more than three days (76 patients) or contralateral recurrence with the presence of hemopneumothorax (six patients) and were eligible for this study. The exclusion criteria were as follows: age above 45 years, underlying pulmonary disease, previous ipsilateral thoracic operation, allergy to tetracycline or minocycline, and unwillingness to undergo randomization.
VATS was performed under general anesthesia for this group of patients. When the blebs were identified, they were grasped with ring forceps and excised with a 45 mm endoscopic stapler. Apical stapling was done at the most suspicious area if no blebs could be identified. Patients were then randomized to minocycline pleurodesis or abrasion of the entire parietal pleura. If the number allocated to the patient entering the trial was odd, the patient was allocated to pleural abrasion (group A); if the number was even, the patient was allocated to minocycline-enduced pleurodesis (group B).
In group A, the entire parietal surface was abraded by inserting a long ring forceps with a strip of diathermy scratch pad through the port site. After reinflation of the lung, normal saline solution was instilled to check for air leaks. A chest tube (24-32 F) was placed in the apex through one of the insertion wounds. In group B, 20 ml 2% lidocaine hydrochloride (400 mg) followed by a solution of 20 ml normal saline containing 300 or 400 mg (7 mg/kg) minocycline was introduced. For both groups, the chest tube was connected to a low-pressure suction system with a pressure of approximately -10 cm H 2 O if the lung was not fully expanded. Chest tubes were removed after between one and four days. Two weeks after discharge, echography was carried out. During the ultrasonography, patients sat with their arms elevated and their hands placed behind their neck. The probe was positioned in the intercostal space at nine different predefined points: two on the mid-clavicular line (second and fourth intercostal spaces), three on the midaxillary line (second, fourth and sixth intercostal spaces) and four posteriorly on the midline between the spine and the medial border of the scapula (second, fifth, seventh and ninth intercostal spaces). We used a 3.5 MHz linear array transducer for all cases. Thoracic echography was repeated two weeks later.
Statistical analysis
The sample size was calculated according to Gay's equation compared with the findings during clinical follow-up. During follow-up, chest X-rays or computed tomography chest films were perfomed whenever there was any suspension of recurrence or other complications.
Discussion
The ipsilateral recurrence rate after primary spontaneous pneumothorax ranges from 30% after a first attack to 80% after a second, indicating the need for preventive measures to guard against recurrence. This can be achieved with pleurodesis. Tetracycline, which was once the most commonly used irritant, is no longer available. Minocycline, a derivative of tetracycline, is as effective as tetracycline in inducing pleural fibrosis in rabbits. Previous studies suggest that it may also decrease the rate of prolonged air leaks [4, 5] .
To optimize the effects of pleurodesis, minocycline was administered after full expansion of the lung. This was usually accomplished intraoperatively with no or minimal air leak or maximally on the first postoperative day. Consequently, instillation was, in most of the cases, under visual control. We instilled minocycline into the pleural cavity after surgical resection of the blebs, and used thoracoscopy for all cases in our study. Olavarrieta and Coronel [6] recommend VATS as the first-line surgical treatment for patients with RPSP.
Thoracoscopic wedge resection of an identified bleb combined with mechanical pleurodesis or apical pleurectomy is mostly considered to be the standard therapy for recurrent pneumothorax. However, in patients who have undergone mechanical pleural abrasion, a recurrence rate between 3% and 10% has been reported in different series, often within one year postoperatively [7, 8] . The recurrence rate could be reduced by dealing with blebs during the procedure, considering widening the area of pleurodesis and/or performing apical pleurectomy [9, 10] . High-risk patients were defined as patients with three or more blebs and those in whom blebs could not be identified. Low-risk patients were defined as those with one or two blebs. The effectiveness of pleurodesis can be assessed by thoracic echograpy, which detects the sign of 'pleural sliding', produced by movement of the visceral on the parietal pleura. This sign is absent when pleurodesis is present. According to the Lichtenstein guidelines, echographic findings can be defined as follows: pleurodesis when the pleural sliding is absent and the lung is seen beyond the pleural line (the 'comet tail' sign); pneumothorax, when pleural sliding is absent and no lung is detected after the pleural line (the 'stratosphere sign'); and fluid when a liquid component is detected [1, 2] . Pleurodesis was defined excellent when pleurodesis was confirmed at all the nine points considered, effective when it was confirmed at more than six points, and poor when it was confirmed at six or fewer points [2] . Lardinios advises against prescribing non-steroidal antiinflammatory drugs after the induction of plurrodesis [11] .
Any pleural air space in the early postoperative period can be dealt with aggressively by increasing the suction pressure or repositioning the drain to allow full lung expansion, because pleural apposition is the key to effective pleurodesis. Similarly, avoiding air leakage into the pleural space
Results
We found that 54 patients (66%) were smokers. Blebs or bullae were identified in 50 patients (60%). Of these, 25 patients (30%) had multiple (three or more) blebs. In 32 patients, the air leaks and blebs could not be identified and apical wedging was performed. The mean duration of operation was 85±5 min and 87±3 min, respectively (range 55-120 min). The two groups were evenly distributed with respect to age, sex, smoking status, side of recurrence, surgical indications, surgical approaches, operative findings and duration of operation ( Table 1 ). The number of blebs was arbitrarily used to allocate patients into a low-risk (one or two blebs) or high-risk (zero, or three or more blebs) group; the latter group is high risk because 'zero blebs' indicates that the source of the leak had been missed and 'three or more blebs' indicates that missed blebs are likely owing to significant disease. Table 1 shows patients' characteristics. No deaths occurred, and no thoracotomy was needed during or after treatment. Postoperatively, few patients developed low-grade or mild fever and/or mild-to-moderate pain ( Table 2) .
In group A, after mechanical abrasion of the pleura, 12% (five of 42) showed areas of free mobility of the lung (pleural sliding) on the first echographic examination; on the second examination, 7% (three of 42) showed the same areas of free mobility. Two patients (5%; two of 42) each had three adjacent areas of free mobility and then developed an attack of localized pneumothorax after 32 and 45 weeks, respectively.
In group B, after thoracoscopy and instillation of minocycline, two patients showed two non-adjacent areas of free mobility on the first and second examinations, but no case has been reported as developing a recurrence during the follow-up period. Also, three patients showed an area of free mobility and areas of fluid accumulation on the first examination, but these areas of free mobility and fluid accumulation had disappeared by the second examination, indicating excellent pleurodesis. Patients in group B demonstrated a trend toward a decreased rate of prolonged air leaks (2% vs. 5%; P=0.100).
Correlation between the recurrence rates in group A and B was P=0.000 using bivariate analysis, which is statistically significant at a level of 0.01. Postoperative long-term residual chest pain and pulmonary complications were comparable in both groups. Follow-up examinations have continued for the last four years, with a range of 28-39 months and a mean of 36±4 months. The results of echography were Risk of recurrence is related to the number of areas of free lung movement (a sign of lung sliding) and areas of fluid accumulation shown by echography. Actual recurrence is the number of patients who developed postoperative recurrence. Because of the low number of patients and the relatively short follow-up, we cannot guarantee the value of the sensitivity.
during chest drain removal is also important [12] , Chen et al. [13] reported that the mean interval between VATS and first recurrence was 12.8 months.
In the current study, we used VATS to excise the blebs and examine the pleural surface to manage all areas of air leak. We then instilled minocycline in an adequate and equal distribution or induced abrasions on the surface of the pleura in 84 cases of recurrent primary pneumothorax. This study showed that pleurodesis using instillation of minocycline through thoracoscopy to achieve adequate and better distribution is statistically more effective, with a lower rate of complications and a higher rate of excellent pleurodesis than the mechanical abrasion method (Table 3) . On echography, finding adjacent areas of free mobility seems to carry a high risk of development of a localized pneumothorax. This prospective, randomized study documents the benefits of minocycline pleurodesis for preventing recurrence after VATS in patients with RPSP. It is associated with a decreased incidence of postoperative air leak as well as a lower recurrence rate (the latter being statistically significant). It is possible that the number of patients with prolonged air leaks in this study was so small that statistical significance could not be reached. Recurrence developed in patients with poor pleurodesis (two cases), with no recurrence among patients with excellent (72 cases) or effective (eight cases) pleurodesis. This shows the benefits of thoracic echography (Table 4) .
Conclusions
Pleurodesis using minocycline instillation via thoracoscopy is more effective than mechanical abrasions induced by brushing, and thoracic echography is a very sensitive method to assess the efficacy of pleurodesis. Areas of free mobility are not necessarily followed by recurrence. The two cases remained as in first test
None
The three cases showed neither free movement nor fluid *Correlation is significant at the 0.01 level (two-tailed).
for a given sample size, because each measurement is matched with its own control. Elaboration of mathematical equations for determining the sample size involves two statistical assumptions: selection of individuals is random and unbiased; and data are normally distributed in the trial where the mean is calculated from measurements of individuals. On the other hand, different methods for determining sample size are required in nonparametric statistics (e.g. Wilcoxon rank sum test). Accuracy of sample size calculations obviously depends on the accuracy of the parameters used in the algorithm. Therefore, these calculations should always be considered the estimate of an absolute minimum.
In conclusion, the surgeon should be careful to plan to include more than the minimum number of individuals in a study to compensate for loss during follow-up or other causes of attrition. In addition, the sample size calculation is best considered early in the planning of a study, when some modifications in the design of the trial can be made. Furthermore, the attention to sample size calculation results in a more significant study with a high priority for publication.
